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14.	 Basic principles of reducing post-harvest losses in commercially viable 
fish	 species (Nile perch, Tilapia and Mukene) in Uganda. 
By: M. Masette (ROt) 
Introduction: 
Reduction of post-harvest losses in fisheries sub-sector, often considered 
synonymous with high quality fish , demands the active participation of all 
stakeholders ranging from the fisherman to the consumer. Their participatory in­
put is required incessantly by regulatory agencies in the enforcement of 
intervention measures intended to limit or eliminate processes and/or practices 
that cause high losses along the handling and processing chain . In Uganda, the 
principal cause of losses in post-harvest fisheries is microbiological spoilage 
exacerbated by inappropriate practices and inadequate handling , processing and 
packaging facilities . Different relevant authorities have cited diverse estimated 
percentage losses (20-30%) occurring in cured fish , depending on species, 
preservation method , packaging and mode of transportation . FOSRI (1997) 
preliminary study indicated that the losses might be relatively much lower than 
20%, however, a planned detailed study will actualise loss figures in cured as 
well as fresh fish. 
Essentially, there are three basic principles for reducing post-harvest losses in 
the fisheries sub-sector regardless of water body. These lines of defence 
include:­
•	 Improvement of hygiene and sanitation of facilities from capture to consumer. 
•	 Application of appropriate processing technologies to diversify product options 
and increase product shelf life. 
•	 Creation of awareness on quality and risks associated with unsafe handling 
practices among stakeholders. 
In this paper, the above defence lines will be addressed in a roundabout way by 
outlining crucial elements associated with post harvest losses in fisheries sub­
component namely, spoilage processes, current handling and processing 
practices. Some intervention measures or remedies intended to counteract the 
impacts of spoilage causative factors and poor handling practices have been 
suggested . For the purposes of this workshop , examples of processing methods 
and practices will be limited on L. Kyoga basin and rivers . 
Spoilage 
Spoilage may be defined as a change in fish or fish product that makes it unsafe 
and/or unacceptable to the consumer. Fish spoils much faster than any other 
proteinous food of animal origin because of several physiological characteristics 
namely: 
•	 High moisture content (65-80%) 
•	 Large amounts of non-protein nitrogen (NPN) 
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•	 Less connective tissue 
•	 Low preservative effect of muscular lactic acid due to little glycogen at the 
time of death. 
There are 3 types of spoilage i.e. autolytic, microbiological and chemical/lipid 
oxidation . Under normal circumstances, they occur sequentially and their rate is 
highly influenced by temperature . Other influential factors include, initial 
microbial load , pH , handling and processing practices/facilities, fishing method 
and chemical composition of fish especially the lipid component. 
Autolytic spoilage. 
Refers to self-digestion by the enzymes of the fish itself. When the fish dies, its 
enzymes and other chemical reactions do not stop immediately. They continue 
for some period of time and it is during this time that the enzymes digest proteins 
and fats within their vicinity. The activities of digestive enzymes in the alimentary 
canal may lead to belly bursting in heavy feeders . The by-products of these 
enzymatic activities are utilised by bacterial to produce off-flavoured substances. 
Microbiological spoilage 
Microbiological spoilage occurs when either bacterial enzymes digest fish related 
substances or as a result of their own metabolic products. Bacteria living on the 
surface of fish are capable of utilising amino acids, peptides and other non­
carbohydrate sources to produce slightly alkaline conditions conducive to 
bacterial proliferation . Accumulated metabolic products of bacteria are the 
primary causes of fresh fish spoilage. The microbial activity on reduced 
compounds, produce the characteristic fishy, ammoniac and sulphide odours 
and change the texture to the slimy and pulpy constitution associated with 
spoiled fish . For example, when trimethylamine oxide (TMAO) an 
osmoregulatory compound usually present in marine fish but has been also 
found recently in Nile perch , is broken down by bacterial enzymes, into TMA 
which has a characteristic fishy smell. 
The higher the microbial load in the surroundings, the higher the risk of 
contamination , which inevitably leads to spoilage with consequential losses. 
However, not all bacteria present on/in fish cause spoilage. It is only bacteria 
with the ability to utilise products of protein break down , which are responsible 
for spoilage. 
Chemical or lipid oxidation. 
Owing the high degree of unsaturation in fish lipids, exposure to atmospheric 
oxygen initiates the spoilage reactions in the presence of any of the following: ­
heat, light (especially UV-light) , several organic and inorganic substances like 
copper and iron ions. Essentially, oxygen from air reacts with the double bonds 
in the unsaturated fatty acids to produce hydroperoxides, which further break 
down to aldehydes and ketones, which in turn impart a strong rancid flavour 
normally associated with spoilt fatty fish. Lipid oxidation is quite evident in fatty 
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fish like Nile perch and particularly in chunks/steaks or splits often sold to 
unsuspecting customers at dusk. 
As shown in Fig . 1, the three spoilage types occur sequentially in fish 
of 
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From the studies conducted on L. Victoria, certain points along the handling, 
processing and marketing chain have been identified where fish may be 
exposed to loads spoilage bacteria, high temperatures and unnecessary delays 
all of which contribute to losses. For the purposes of this paper, the current 
status at each of these points will be described and later on intervention 
measures suggested. 
Critical Points along the handling, processing and marketing chain 
Critical points (CPs) are locations in the chain where losses are likely to occur. In 
the Lake Kyoga basin just like on Lake Victoria , the CPs are quite distinct. They 
include fishing vessels , transport boats, landing sites, transport vehicles, market 
stalls and consumer 'traits'. At each of these points , the nature of the facility , the 
practices of the fish handlers and the all-encompassing influential factors like 
temperature and initial microbial load , all influence the rate(s) of spoilage hence 
losses. To reduce or prevent losses in the fisheries sub-sector, intervention 
measures are instituted at these critical points and they are supposed to be 
monitored by all stakeholders generally and relevant local authorities in 
particular. This responsibility has not been taken on board yet but it would be a 
good idea if it were put into operation . 
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Table 1: Description of current status at respective CP along the handling, 
I processing and marketing chain 
I 
Current status
 
Point
 
Fishing
 
Cri tica l 
Small-unpainted wooden vessel ill-equipped to cope with regu latory 
requirements intended to reduce spoilage.
 
Transport
 
vessel 
Not insulated but large enough to meet the regulatory requirements. 
boats However, carry miscellaneous goods, with the potential to contaminate 
1
°the catch with spoilage microbes to the tune of 106- . 
Landing Mud-laden beaches interspersed with rotting waterweeds, animal as 
sites well as human waste thus , increasing the microbial load t0108-12 . Lack 
basic social amenities and infrastructure e.g. potable water, ice, waste 
disposal mechanisms, landing piers , raised platforms, shades and 
disinfectable facilities instead use papyrus baskets for ferrying fish 
around. 
Processing Descaling , splitting and washing is done at the shoreline where the 
sites and microbial load is prohibitively high (108-12) The time delays between 
facilities preparing and actual processing of fish varies from 2-4hrs whilst at 27­
30°C. During which 2-4 days of shelf life is lost. The current 
processing methods viz. smoking , salting and sun-drying are wastefu l 
and inappropriate. 
Transport Mainly pick-ups for fresh fish and lorries for cured products . None of 
vehicles which is ideal for transporting perishable food item like fish . The stack 
height is unbelievably high which impacts greatly on spoilage and 
fragmentation rates respectively. Often , other items are loaded on the 
same vehicles for example charcoa l, spare tyres , foodstuffs and 
traders. All these items have the potential to contaminate and/or exert 
pressure with destructive consequences. 
Market Usually located near an open sewer, waste disposal bin, charcoa l 
stalls stalls and lavatories all of which are potentia l sources of contam inants . 
In addition , the display tables , chopping or descaling knives , gunny 
bags for covering fish and the handlers themselves are objectionably 
below the national standards. Most fish stalls do not have potable 
water, c1eanable/disinfectable facilities . 
Consumer Most fish . consumers are incapable of differentiating between good 
traits and bad fish . Others are victims of their culture and/or economic 
status. The post-purchase handling practices in use usually enhance 
spoilage directly or through cross-contamination . Invariably, fish that 
does not meet the expectation of the consumer is thrown away. 
However, this loss has not yet been quantified. 
The shortcomings highlighted in Table 1. are further compounded with the 
consequences other influential spoilage factors outside the chain, particularly 
temperature . To reduce appreciably, their impact on fish deterioration and thus 
post-harvest losses, proactive remedies have to be initiated and implemented at 
respective CPs. Table 2 briefly highlights the impact of influential factors on fish 
spoilage processes with their respective remedies . 
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Summary I Recommendations 
•	 Change of fishing method from gill-net to long line or substantial reduction of 
casting-hauling time duration for Nile perch and Tilapia species. 
• Regular painting of fishing/transport boats and daily washing with potable 
water or relatively cleaner water 5km away from the inhabited shoreline. 
•	 Immediate icing of catch and appropriate stowage after capture . 
•	 Use of motorised insulated transport boats to ferry fish to landing sites ASAP. 
•	 Improvement of the sanitary and hygiene of landing sites including installation 
of water purification system to provide potable water. The system does not be 
high tech. Pumping water from a few kilometres from off-shore and passing it 
through stones, charcoal and fine sand will serve the purpose. 
•	 Transferring catch from transport boats to adequately equipped auction 
shades or directly into insulated trucks using portable containers that can be 
cleaned and disinfected easily. AVOID dragging f ish in lake-water, mud , sand 
or placing it on wooden platforms or covering it with leaves. Note: Fish in 
insulated trucks has to be stacked in crates or to avoid crushing . NEVER 
throw fish into the truck! 
•	 In the absence of insulated trucks, use shallow 10-12kg easily cleaned and 
disinfectable crates stacked (in such a way as to avoid crushing of fish in the 
respective bottom crate) on a pick-up with lots of ice interspersed between 
fish. NEVER sit or carry other miscellaneous objects on fish aboard whatever 
mode of transport. 
•	 Fish stalls in the market place should be relocated from the current locations 
and appropriately furnished , such that flies , dust and vermin are precluded . 
Have potable water. Easily washed and disinfected work surfaces, floors and 
walls. Fish should be sold on ice where possible or from display cabinets kept 
at < 4cC. In the absence of such facilities , efforts should be made to keep fish 
moist and away from potential contaminants or high temperatures. 
•	 Entrepreneurs should be encouraged to diversify fishery products e.g. value 
added and animal feeds -silage, fish meal. 
•	 Finally consumers should learn to appreciate quality and pay a premium price 
for high quality fish or fish product as an incentive for improving handling and 
processing practices which in turn will go along away in reducing losses. 
Conclusion 
Owing to the dwindling catches on L. Kyoga , probably is not feasible to convince 
entrepreneurs to invest around the lake in the nearest future . This would probably 
encourage fisherfolk to invest in the improvement fish quality, which would 
ultimately playa leading role in the reduction of post harvest losses. However, it 
would also require the full participation and involvement of all stakeholders 
especially to guarantee that intervention measures instituted at critical points 
along the handling and processing chain by regulatory agencies are in operation . 
The prevention measures do not have to be high tech , simple technologies from 
locally available materials can be used although , they may also be comparatively 
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expensive considering the economic status of some fisherfolk and the 
unwillingness of some consumers to pay a premium on high quality fish products. 
Extension workers ought to be conversant with the available technologies if not, 
the Institute should be consulted for further information . 
Table 2: The impact of influential factors on spoilage processes during handling,
 
processing and marketing chain.
 
Spoilage 
influential 
factors 
Impact on spoilage processes Suggested remedies to counter the 
effects of spoilage factors 
High ambient High tropical temperatures Appropriate use of ice manufactured 
temperatures activate enzymic and microbial 
activities. They also accelerate 
chemical reactions involved in 
lipid oxidation. Hence increase 
rate(s) of spoilaqe. 
from potable water to lower the 
temperature of fish to around DOC. 
Introduction of a cold chain from 
capture to marketplaces. 
Fishing A fishing method that causes Probably long lining should replace 
method fish exhaustion e.g. gillnetting 
enhances spoilage by creation 
of an alkaline environment 
suitable for microbial 
proliferation . Struggling or 
attacks from otters may bruise 
fish , thus provide entry point for 
spoilage contaminants . 
gillnetting or fishermen ought to 
remove fish from the nets soon after 
death. 
(Exhausted fish has less glycogen at 
the time of death and therefore 
misses the preservative effect of 
lactic acid). 
Initial Polluted waters are indicative of Relevant authorities should pass and 
microbial high loads of spoilage bacteria . implement policies that prohibit 
load Hence the high risk of spoilage 
and subsequent losses. 
pollution of the fishing environment. 
Fishing in contaminated lake waters 
should be avoided at all costs. 
Post-mortem 
handling , 
stowage 
processing* 
and 
packaging 
practices 
/facilities 
- Wooden , dirty and hardly well 
painted fishing boats. In effect 
acting as refugia for spoilage 
bacteria . 
-Throwing , treading and 
dragging of fish causes bruises, 
softens texture, causes gaping 
and blood spots in fillets. 
-Most contact surfaces en route 
from fishing ground to 
marketplace are unsanitary and 
a source of bacterial 
contamination 
- Exposure of catch to direct 
sunrays at beaches or aboard 
transport vehicles or in 
-Fishing boats should be frequently 
painted to allow observance of 
sanitation and hygiene standards. 
- Multiple handling and abuse 
(throwing , treading on and dragging in 
mud/dirt) of catch should be avoided 
at all costs . 
-All contact surfaces (boats, 
wheelbarrows, platforms, tables etc) 
ought to be easily cleaned and 
disinfected daily before use. 
Exposure of catch to direct sunrays 
should be avoided. Use of insulated 
fish boxes and/or insulated vehicles 
should be encouraged to reduce 
spoilage rates. 
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marketplaces influence 
temperature and dries the fish 
surface. Both of which 
accelerate spoilage processes . 
-Unhygienic and inadequate 
preparatory procedures for fish 
preservation enhance microbial 
proliferation. 
-Gutting , splitting , descaling and 
washing of fish at the beach side in 
the absence of potable water should 
be avoided to reduce chances of 
bacterial cross-contamination . 
* The current processing methods intended to preserve fish for long periods of time do 
not enhance spoilage but are wasteful , produce low quality products that can not fetch 
high prices and products are prone to fragmentation which is the major cause of losses 
in cured fish products. 
Essentially there are three main methods of preserving fish in the L. Kyoga and river 
basin although occasionally combinations of the three may used according to the market 
demand or preference. These include salting , sun-drying , smoking and several 
permutations. 
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Preservation 
method 
Current methodology Recommended methodology 
Salting Apart from Mukene, most fish 
species may be salted for the export 
market. After splitting , salt grains 
are sprinkled on the cut surface and 
immediately spread on the ground 
for drying. Upon drying (3-5) days, 
Nile perch and Tilapia is packed in 
gunny bags or woven huge baskets. 
Depending on the type of salting , fish 
should be left for a minimum of 1 hr 
in brine and 24hrs for dry salting . 
Usually fatty fish e.g. Nile perch are 
brine salted while lean fish e.g. 
Tilapia is dry salted . Long salting 
time prior to sun-drying shortens the 
drying time especially when spread 
on raised racks. 
Smoking Like salting , all fish species may be 
hot smoked except Mukene. After 
splitting or steaking , fish are 
immediately spread on the kiln with 
the bottom weld mesh tray resting 
on metallic support within the kiln 
structure. Stones support 
subsequent trays, which may vary 
from 3-4 in number. The smoking 
regime may take as long as 1-3 
days depending on distance to 
markets. Often the products are 
dark in colour, not uniform , lack 
surface shine or gloss and they are 
brittle hence fragments easily when 
packaged without cushioning with 
appropriate material. 
After splitting or steaking , fish should 
be salted in concentrated brined for 
at least 30 minutes and then be 
allowed to drip dry for at least 1hr 
before loading onto kiln trays for 
smoking . The drip drying allows 
excess surface water to evaporate 
and in the process salt combines 
with proteins to form a skin like 
membrane which when smoked 
gives a gloss usually associated with 
high quality product. Several trays 
may be stacked on top of the kiln to 
avoid the scorching heat due to 
frequent stripping . A smoke spreader 
is fitted 30-50cm below the kiln 
surface to allow uniform distribution 
of smoke. The smoking duration of 1­
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2 days is adequate for production of 
a high quality product , golden brown 
in colour uniformly distributed. The 
presence of salt prohibits evasion of 
the common spoilaqe bacteria. 
Sun drying All species of fish may be sun-dried 
including Mukene. It is only the 
preparatory procedures that differ. 
Mukene is sun-dried whole without 
evisceration because its size and 
numbers. Tilapia is split open from 
the dorsal while Nile perch is sliced 
into continuous sheets to increase 
the surface area . The fish is then 
spread on bare ground for drying 
which may take 2-4 days depending 
on species and weather. The 
products are to a myriad of 
contam inants . e.g. animal and bird 
waste , sand and run off. Losses are 
inevitably high because of direct 
consumption by animals and also 
fragmentation . 
The preparatory procedures are 
similar but the drying surface 
changes. Instead of drying on bare 
ground, fish is dried on raised racks 
at least 1m from the ground. The 
drying process is faster and the 
products are cleaner. Apart from 
birds the sky, contaminants have 
limited access and therefore 
consequential losses are relatively 
low. In a quality conscious consumer 
society, these products would be 
fetching a better price than the 
current products on the market. 
16. Physical-chemical characteristics and algal community of Kyoga basin 
and Rivers and their relationship to Fisheries production 
(G.Magezi, R.Mugidde and J.Naluwayiro) 
Introduction 
Algae are very important in aquatic food web and provide the basis for fish 
production of aquatic systems. Algal species composition will determine the 
species of fish in the lake. In a lake like Kyoga , which is dominated by 
herbivorous tilapiine species, the composition and abundance of algae in the lake 
will influence fish production. 
Blue-green algae (Cyanobacteria) , green algae (Chlorophytes) diatoms 
(Bacillariohytes) , Cryptophytes and Chrysophytes are the main classes of 
planktonic algae present in the kyoga basin. Several of these classes co-exist but 
some may be absent due to environmental limitations existing in a specific water 
body. Several groups of algae in communal or symbiotic association with bacteria 
mediate many biogeochemical processes, which characterise aquatic habitats, 
such as nitrogen, carbon, iron, sulphur recycling and consumption of oxygen . 
However, excess algal production in aquatic ecosystems can lead to deleterious 
effects, including deterioration in the water quality due to production of phycotoxins, 
reduced photosynthetic rates due to self-shading and high BOD when the algal 
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blooms collapse. The health of Kyoga basin is directly related to human impacts on 
the fisheries, wetland buffers and the invasion of the water hyacinth . The intense 
human activities increase nutrient inputs, in particular, phosphorus into the lake 
basin. 
I The physical-chemical characteristics of all aquatic system include pH , Conductivity, Temperature, Water transparency, and Nutrients. These do 
determine the type and quality of flora present in the system and these form the I basis for which the system operates. Nitrogen is one of the nutrients most likely to be limiting algal growth in African lakes (Talling&Talling 1965; Moss 1969; Lehman 
& Branstrator 1993,1994) and also phosphorus (Melack .et al 1982; Kalff 1983) I while Silicon may limit Diatom growth (Hecky and Kilham 1988). 
I 
This study is aimed at investigating the impact of physical-chemical characteristics 
on the distribution and abundance of organism in the Kyoga basin and Victoria Nile. 
The fluctuation of these parameters have a high driving force towards the 
distribution and abundance of the organisms (Biodiversity) and . this is evident in 
I Lake Victoria ( Mugidde 1993) there was an impact on the physical-chemical composition of the Kyoga basin with the invasion of the water hyacinth and the 
overall diversity of organisms and the population pressure around it accompaniedI with the anthropogenic activities. 
Study areas 
I Samples were taken from , Kyoga lake and its satellite( Bisina, Nawampasa, 
Nyaguo, Lemwa, Gigati , Kawi Agu and Victoria Nile. 
I Materials and Methods 
I Water samples were taken using a three-litre Van-Dorn sampler. The samples 
II 
were treated with Lugol 's iodine solution as preservative immediately after 
sampling . While in the field, samples of algae were kept in the dark using 
aluminium foil to prevent them from light and allow for natural sedimentation . 
Algal biomass was determined by filtering lake water through a 47mm GF/C filter 
paper. After they were analysed for chlorophyll-a using the spectrophotometric 
rl methanol method (mike Stanton). The filtrates were kept cool in coolers and used for nutrient analysis in the laboratory. 
I In the laboratory the algal samples were agitated and introduced into a 2-ml 
sedge wick counting chamber and allowed to sediment for about three hours. 
Samples were examined under an inverted Microscope at 40X magnification and I species identification was done using the available keys. 
I In situ measurement physical chemical parameters were taken using the portable field probes and these included the pH, Conductivity, temperature , transparency 
Dissolved oxygen and total depth . 
I
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I Results 
Phytoplankton assemblage of Lake Kyoga Basin and Victoria Nile. 
I The dynamics of phytoplankton species composition in Lake Kyoga are scarcely 
I 
known . Evans (1962) provides an initial record of the phytoplankton species 
composition of Lake Kyoga in 1960s. At that time, the diatom community was as 
in the case of Lake Victoria composed of Aulaeosiera (Melosira) , Cyelotella , 
I 
Synedra , Stauroneis and Nitzschia . Currently, diatoms are of secondary 
importance, despite the high silica concentrations (26-580 uM). Nitzschia are the 
main diatom species in Lake Kyoga Aulaeosiera is very rare and is sparsely 
I 
distributed in eastern part of Lake Kyoga. Other diatoms like Cyelotella , 
Synedra , and Stauroneis which occurred in Lake Victoria have not been found in 
the plankton , for the last 10 years , in Lake Kyoga 
I 
I In the early 1990s, a wide variety of nanoplankton (Rhodomonas, Chrysoehromulina , Oehromonas, Ankistrodesmus, Chlorella , and Koliella) and 
Picoplankton (Syneehoeystis , Chlorella, Syneehoeoeeus, and Chloromonas) were 
well represented in Lake Kyoga table 2. In addition, the mucilage-bound , non­
I 
motile colonial green algae such as KirehnerielIa, Oietosphaerium, Gloeoeystis, 
Tetraedron and Ooeystis associated with oligotrophic lakes were found frequently 
in the 1960s and in the early 1990s in Lake Kyoga . These nano and 
I 
picoplankton , and a wide variety of green algae have become increasing rare . 
Today, non-mucilage green algae such as Seenedmus and Ankistrodemus 
closely associated with shallow, nutrient-rich are often found in Lake Kyoga. At 
the same time, blue-green algae (cyanobacteria) have achieved dominance in 
the lake, but the non-bloom , non-scum forming cyanobacteria such Aphenotheea 
I are consistently low. Merismopedia, associated with mesotrophic waters , and Mieroeystis species and its near relative Coleospharium constitute a distinct 
element of the blue-green algae. The solitary filamentous Cyanobacteria ,
I Planktolyngbya , Pseudoanabeana, and Anabaenopsis species are easily found in the exposed shallow and enriched waters of Lake Kyoga. Recently, the 
nitrogen fixing blue-green algae of the genus Cylindrospermopsis has entered 
I Lake Kyoga . Examination of historical algal species composition indicates that Cylindrospermopsis was not a component of the phytoplankton assemblages of 
Lake Kyoga in the 1960s and in the early 1990s to mid 1990s. Unlike in LakeI Victoria , Cylindrospermopsis does not form all year-round blooms in Lake Kyoga 
and nor has it become an important component of the phytoplankton community. 
I Apparently, the double ecological disadvantage of low light and nitrogen 
availability is favoring increased abundance of blue-green algae, and will likely 
continue to favour growth of buoyant and large colony sized taxa such asI Mieroeystis that can remain suspended in the well-lit surface waters. Algal 
I 
species that cannot float i.e. Negatively buoyant will be shaded and their 
populations will likely decrease, given the decreased light penetrations in Lake 
Kyoga. Heterocystous cyanobacteria (Cylindrospermopsis) with the potential to 
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utilise the atmospheric nitrogen source may become formidable and successful 
competitor If Lake Kyoga becomes perpetually a nitrogen-controlled environment. 
It seem possible that the phytoplankton community of Lake Kyoga are historically 
I 
N-deficient at particular times, given that Anabeana was sparsely present in the 
lake in as early as in the 1960s (Evan 1962). A hypotheses that Lake Kyoga is 
increasing become nitrogen-deficient, a condition that will promote growth of 
I 
large heterocystous phytoplankton species, as in Lake Victoria today. If 
Microcystis and Cylindrospermopsis species continue to invade Lake Kyoga 
repeatedly, the lake will have water and fish management implications. 
Victoria Nile 
I 
I 
Victoria Nile has not had enough attention until towards the end of the 20 th century 
when interest arose with the construction of several hydropower stations along it. 
Which has resulted in to demand for the environmental impact assessment to 
investigate the biodiversity values with in the system. These studies have revealed 
that the mucilage bound blue green algae such as Microsystis species and the 
filamentous Cyanobacteria of the genus Planktolyngbya and Cylindrospermopsis 
were well represented in this class of algae.. Cyanobacteria was the most 
dominant class with the highest relative abundance of 70% Table 1. Nitzschia are 
the main Diatom species in this river dominating this class of algae 
Ankistrodesmus, and pediastrum species were well represented in the green I algae. And the mean algal biomass 18.4 ug/I in terms of Chlorophyll-a figure 2. 
I Kyoga Satellite lakes 
II 
II 
The phytoplankton of the Kyoga satellite lakes has not been extensively explored 
however results sofar show that the Cyanobacteria have dominated the algal 
community in these lakes. The mucilage bound non motile bloom forming Bleu­
green algae (cyanobacteria) such as Microsystis have acquired dominance in 
most of the Kyoga satellite lakes unlike in Agu were the green algae 
I 
(Chlorophyta) does dominate figure (1) .the solitary filamentous algae 
Planktolyngbya and Anabeanopsis do constitute the Blue green algae. This could 
be contributing to the high algal biomass in terms of chlorophyll-a in most of 
these Lakes. Figure (2) in the Kyoga satellite lakes unlike the Agu and Bisina, 
which have clear water. Oscillatoria species have been well represented in all 
I the lakes and the none-mucilage green algae such as Ankistrodesmus and Senedesmus does occur in most of the lakes of the basin. 
I Lakes Kawi and Lemwa had the highest mean algal biomas of 124.9 and 102.1ug/I respectively while Agu and bisina had the least mean algal biomass of 
7.5 ug/I and 12.8 ug/I in terms of chlorophyll-a figure 2. Making them look clear 
I to the bottom . 
I
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Physico-chemical characteristics of the Kyoga basin lakes and Victoria Nile 
Water quality and productivity status 
Until recently , there was little concern about the water quality of Kyoga lakes. 
Low human population , minimal fishing pressure and moderate agricultural 
activity meant that there was little disturbance of the natural state of the lakes. 
However, research based mainly on Lake Kyoga indicates a transitional phase 
from mesotrophic to a eutrophic state. While there are currently few visible 
symptoms of a deteriorating water quality and drastic change in Lake Kyoga, fish 
catches have declined and total phosphorus (TP) and nitrogen (TN) as well as 
soluble reactive silica (Si) within the lake is high (Table 1). The high total P (1 .5­
5.0 uM) , algal biomass (10-150 mg. m '3) and low Secchi transparency (0.2 -1 .0 
m) manifest the eutrophic character of the Lake Kyoga today. 
Nutrients, in particular phosphorus, are accumulating in the waters of Lake 
Kyoga . Total dissolved phosphorus often exceeds 1.0 uM . These high P 
concentrations undermine the water quality by contributing to eutrophication and 
proliferation of unwanted aquatic plants , in particular algae which have a 
remarkable ability to absorb and utilize P in water bodies as productive as Lake 
Kyoga . It is becoming clear that high nutrient concentrations are already 
affecting the character and the function of the Lake Kyoga ecosystem and have 
lead to correspondingly high algal biomass (as chloropyll-a) and phytoplankton 
production in the lake. Annual average algal biomass is in the range 38-58 mg . 
m'3 and has not varied significantly (p =0.05) from 1990 to 1999 in Lake Kyoga. 
These high algal biomass and suspended sediments cause a large proportion of 
the incident irradiance (light) to be lost in the top surface layers of the lake 
Watercolour due to dissolved organic substances which heightens light 
absorption and the potential for a light-limited algal community in Lake Kyoga . 
Continuous low light availability as evidenced by the high extinction coefficients 
(1.5-4 .0 In .m'1) and low mean light intensities in the water column (2-6 
min'1) in combination with excesses of nutrients will eventually affect the 
structure, the composition and the dynamics of the phytoplankton populations in 
Lake Kyoga . 
Few data available of particulate nutrient stoichiomestry indicate that Lake Kyoga 
is poised on the boundary of nitrogen deficiency. We have a "time bomb" 
awaiting to explode once Lake Kyoga exceed its ability to hold excess P and 
becomes N-deficient, a condition that will allow plankton change as seen in Lake 
Victoria today. Because plankton makes up the food web base, phytoplankton 
community change will definitely impact the fish community in Lake Kyoga. The 
waters of Lake Kyoga are already greenish indicating change in water quality 
with possible detrimental impacts on the fisheries . We should not wait until Lake 
Kyoga waters turn very green with algae and until the fish stocks have collapsed 
before appropriate nutrient abatement programs are implemented . 
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Despite the uncertainty, nutrient loads likely come from the agricultural land in the 
rural catchment of Lake Kyoga where other nutrient sources are less important. 
Increased nutrient loads from the catchment are evidenced by the high total 
I 
phosphorus (1-2 uM) and total nitrogen (40-52 uM) inputs through River Nile, the 
lake's main inflow from Lake Victoria . In addition , waters from Mpologoma River 
from the East and a series of small streams often loaded with silt and sediments 
I 
from agricultural land flow into Lake Kyoga. Siltation and sedimentation is 
exacerbated by the fact that the lake's shoreline that was once fringed with 
several kilometers of papyrus and other swamp vegetation in the 1920s, is now 
I 
I 
shrunken to a few meters and/ or disappeared . Because a large proportion of 
nutrient input can be in form of silt and suspended sediments, both of which have 
direct impact on fish communities , mitigating further soil , silt and other suspended 
solids inputs into Lake Kyoga is a high priority. Lake Kyoga is much shallower 
today than in the 1920s, perhaps partly due to increased siltation , and its depth 
will steadily decrease until it ceases to exist, given that a greater part is not more 
than 3 m deep and most areas are 2 m deep. 
I 
I Lake Kyoga is highly productive with rates of phytoplankton primary productivity 
in the range 6-25 g. 0 2. m-2. d-1, average of 13g.0 2.m-2.d-1. Phytoplankton 
primary production is high and sufficient to sustain high fish yie lds if the lake's 
health is maintained . However, phytoplankton productivity now occurs in a more 
shrunken euphotic zone (1-1 .5 m) than reported earlier in the 1990s (Mugidde 
(1992), and is frequently outweighed by community respiration . If it was not for 
the shallower mean mixed depth (2 .5 m) that allows frequent complete mixing 
and break-down of the temporary thermocline , a large volume of Lake Kyoga 
would become anoxic with adverse effects on nutrient cycling , in particular Nand 
C with gaseous phases. We are fortunate that Lake Kyoga still mix completely, 
and mixing in turn allows return of nutrients from bottom depth to return to 
I surface waters as well as exchange of dissolved oxygen between the surface and bottom waters . 
II Considering the population increase within the watershed , with concom itant 
II 
increases in fishing pressure and changes in land use, the worse detrimental 
impacts in the Lake Kyoga ecosystem will happen if nutrient loads into the lake 
remain unchecked . However, this analysis in heavily dependent on research 
made on Lake Kyoga . 
I Table 1. Nutrient and chlorophyll-a concentrations in Lake Kyoga , 1990-1999. N = number of months 
I
 
I
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Total P (uM ) T dissolved P(uM) Total N (uM ) Silica (uM ) Chlorophyll-a (mg .m­
3) 
Minimum 1.5 0.8 45.5 26.6 10.2 
Average 2.3 1.2 96.3 241.4 47.2 
Maximum 4.8 3.0 273.0 580 150.0 
N 6 24 7 24 24 
I 
II 
I 
Water quality of the Kyoga satellite lakes 
Not much was known about the Kyoga satellite Lakes until the early 1990s when 
LVEMP to on a study to asses the diversity of these lakes. However the little that 
has been done revealed that some lakes have high levels of nutrients that has 
supported the high algal biomass. This has contributed to the low secchi reaaing 
and the bluish colour in most of these lakes unlike Agu and Bisina which showed 
conditions of oligotrophic characteristics . These to lakes were very clear to , the 
bottom. Lemwa, Nawampasa, Kawi and Gigati had the least secchi mean value 
with in the range of 0.43m-077m figure 2. High mean levels of conductivity 
(735.17us/cm) were observed in Gigati compared to the rest of the lakes. All the 
lakes had pH values with in the range of 6.73 to 8.08 while oxygen was not a 
problem as most lake were highly productive though temperature and dissolved 
oxygen do depend on the time of recording the mean temperature were 24.75 to 
27 DC 
Agu believed to be the cleanest lake in the Kyoga catchment area had high levels 
of Silicon (212.4 uM) ,total phosphorus levels were always high (3.30 uM) and 
total inoganic nitrogen were farely high (12.2 uM) figure . 4. Most lakes in the 
kyoga basin had high levels of nutrients which could be coming from the 
catchment areas as anthropogenic activities continue to evade them lakes like 
Nyaguo had the highest total dissolved phosphorus(9.50 uM) . There is belief 
when the floating suds do contribute to the level of nutrients when they do die and 
rote . For example lakes like Kawi and Lemwa Gigati have been attacked by 
massive agriculture activities and mobile suds which may influence high nutrient 
loads in the lake than the lakes can hold. And may be responsible for greenish 
colour from the excess growth of unwanted plants like Algae. Light penetration 
has not been so much a problem but it predicted that if there is no attention given 
to these lakes they may tend to be light limited with the increasing agriculture 
activities in the catchment. 
Victoria Nile 
The physical and chemical aspect of the nile has been expolored in under the 
environment impact assesment in the interest of the hydropewer station being 
developed along it. The servays have showed that the rivers well lit all the way 
from Victoria to Kyoga , however Towards kyoga it was extra cealer in that most 
parts it light was seen to penetrate to the bottom. The river was well circulated 
with oxygen on average 8 mg/I figure 3.and temperature was 26 DC , conductivity 
was with in the rage of 98-100 us/cm which looked typical of Victoria. On other 
side of Nutrients it significant amount of total dissolved phosporus 1 uM while 
silicon was high 8.6 uM . 
Lakes/Nutrients N02-(uM) 
Nsa 0.00 
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II 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
Naw 0.20 0.50 000 0.30 2.30 28.90 
Gti 0.20 1.90 0.20 1.00 6.70 59 .30 
OAO 9.50 0.20 1.10 3.60 59 .80 
140 3.30 0.20 1.00 11 .00 212AO 
Kwi OAO 1.80 0.20 1.20 2.70 45.90 
Lma 1.00 0.20 1AO 2.20 63 .1 0 
Vie 0.5 1 0.1 0.5 8.6 
Discussion 
From the results most of the lakes had blue green algae, Chlorophyta and 
Bacillariophyta as the most dominant algae in most of the lakes. The dominance of 
the blue -green algae could be a function of light and nutrients, the low nitrogen (N) 
to phosphorus (P) supply ratios favour the dominance of blue greens (Smith1993; 
Hendzel et a1.1994) and this is evident in Lake Victoria (Mugidde 1993;Kling et 
1996). Algal species composition is known to Change seasonally in response to 
Variations in light environment and nutrient availability (Tailing 1987;Kling et at. 
1997). 
Of the Kyoga satellite Lakes Agu and Bisina were the clearest lake with a Secchi 
depth equal to the total depth. Kyoga and the Victoria Nile had the highest diversity 
while Agu showed a low diversity suggesting some limitations with in the lake's 
system to algal growth . However light was not much a big problem in this basin as it 
could go almost upto the bottom . Most of the Kyoga minor lakes had almost similar 
algae composition and diversity, but marked differences occurred with respect to 
algal biomass for lakes Nawampasa, Agu, Nyagou which had their biomass with in 
the range of 11-18 ug/I compared to Gigati , Kawi, Lemwa which had a range of 55­
99 This implies that the lakes are tending to critical levels of eutrophication. 
The increased farming activities around these lakes, harvesting of macrophyte for 
craft making , building and burning of these plants could be contributing to the 
decline in the water quality resulting into high algal biomass as a response to 
changes in the environment. 
The dominance of the blue-greens in the lakes suggests that factors that decline 
the water quality have invaded the lakes health. There are some lakes which had 
potential of nutrients which can lead to high algal biomass but they seam not be in 
the available form to these organisms. Lakes like Kawi and Nyaguo have been 
attacked by agriculture farming which pose a threat if it continues coming up at that 
terrific rate . The open land help rains to wash allot of Nutrients and silt into the lake. 
Recommendations 
Control of Agrochemicals used around water environment to control 
eutrophication and pollution effects. 
Sensitisation of the public on the importance of water sheds using the local councils 
(L.C's) and the media 
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Regulation like those who are intending to carry out agriculture activities should be 
told how far away should they be from the main lake and should regulate the use of 
agro-chemicals near the lake banks. There should also be a big restriction on the 
cutting of macrophytes. 
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18. Diversity, relative abundance of macro-invertebrates and their 
importance as food of fishes in the Kyoga basin lakes and Victoria Nile 
(w . Pabire, H. Ochieng , M. Ndawula ) 
Introduction 
I Aquatic macro-invertebrates refer to all those invertebrate organisms of the size greater than 300 and can be seen with unaided eyes. Most macro­
invertebrates are categorised as semi-aquatic in that they are aquatic in earlyI stages but live as terrestrial organisms as adults , while others like gastropods, bivalves , Oligochaetes , Hirudinea and ostracods are exclusively aquatic. Some of 
them such as mayflies lay eggs in water and subsequent stages also live in waterI until adulthood when they emerge to live a terrestrial life. In others, eggs are laid 
I 
near the water, while some like the midges, lay their eggs on the leaves of 
aquatic macrophytes and after hatching their larvae creep into water. The major 
habitats for the aquatic macro-invertebrates are the bottom sediments and the 
macrophyte roots. 
II Macro-invertebrates are both scientifically and economically important. They 
I 
I 
contribute , among other things , to the diet of different fish species (Greenwood 
1966, Corbet 1961 , EAFRO Ann . Rep.1954/55, 1955/56, 1958). Gastropods and 
bivalves, for example are important prey for Protopterus aethiopicus; chironomid 
and culicid larvae are important in the diet of most demersal fishes while 
Ephemeroptera and Odonata nymphs contribute to the food of juvenile L. 
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